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Shigeya Niizeki**, Makoto Nishida*** & Siro Kurita*** : 

Cytotaxonomy of Ophioglossales I* 

Chromosome numbers of Japanobotrychium in Japan 
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(Pl. XII & XIII) 

According to the characters of vascular bundle systems in the phyllomophores 
and of morphology of embryos, the genus Botrychium was usually divided into 
three subgenera, i. e., Sceptridium , Kubotrychium Osmundopteris. Nishida 
(1952), however, elevated this genus to a family Botrychiaceae and also did 
these three subgenera to generic stata, changing the generic-name of Osmund¬ 
opteris into Japanobotrychium (Nishida ex Tagawa, 1959). In the family Botry¬ 
chiaceae, many cytological studies have been carried out by various authors 
until present (Okuno, 1936; Manton, 1950; Britton, 1953; Manton and Sledge, 
1954; Wagner, 1955; Gopal-Iyengar, 1956; Ninan, 1958; Verma and Loyal 1960). 
From the data of these studies, it is revealed that almost all species of 
Botrychiaceae may have the gametic chromosome number of either 45 or its 
multiples, with an exception of Japanobotrychium virginianum (L.) Nishida from 
N. America having n = 92. In Japan, there are two species of the genus 
Japanobotrychium: J. virginianum (L.) Nishida and J. strictum (Und.) Nishida, 
and the meiotic behaviors in these ferns will be described in this paper. 

Materials and Methods 

The plants used in the present study were collected at some localities in 
Chiba Prefecture and were transplanted in our laboratory. Young fertile 
fronds were fixed in 1:3 acetic-alcohol mixture for about 24 hours, then they 
were squashed and stained in aceto-carmine. The text figures were prepared 
from the photographs by inking in and bleaching them. 

Observations and Discussions 

Japanobotrychium virginianum (L.) Nishida. Gametic chromosome number 

* Contributions from the Laboratory of Phylogenetic Botany, No. 14. This work was aided 
by Grant of Ministry of Education. 
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Fig. 1—6. Chromosomes of Japanobotjichium. 1, 2. /. stricturn , n=44-45, 3. A 

normal archesporial cell of J. stricturn, (ca 90 chromosomes). 4. A triploid nrches- 
porial cell of /. stricturn, ( ca 135 chromosomes). 5, 6. J. virgmianum, n=97. 

were counted at the first meiotic metaphase and late diakinesis of spore mother 
cells (Figs. 5, 6 and PI XIII, 4), and we found 92 bivalent chromosomes. But 
these division figures always contained one to three small, loosely paired 
and dumbbell shaped bivalents. In J. lanuginosum (Wall.) Nishida, three to 
four chromosomes of this kind were observed (see Manton and Sledge, 1954), 
whereas B. lunaria (L.) Sw. (. Eubotrychium ) does not have such chromosomes 
(see Manton, 1950). 

The first cytological studies of the present species were made by Britton (1953), 
and he counted approximately 92 bivalents at the first meiotic metaphase. 
Wagner (1955) ascertained that the haploid chromosome number of this species 
is exactly 92, and concluded that the present species would be a tetraploid 
derived from monoploid having a number of n = 46. Gopal-Iyengar (1956), 
however, obtained clear count of n = 90 in the materials from Bombay. More- 
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over, Manton and Sledge (1954), Ninan (1958) and Verma and Loyal (1960) also 
clearly demonstrated the number of chromosomes as n = 90 in the samples of 
J. lanuginosum (Wall.) Nishida from Ceylon, South India and Himalayas. So 
far, no plants having a gametic chromosome number of 46 have been reported, 
though the existence of such was suggested by Wagner (1955). 

Considering the data mentioned above, we assume that there are two cytol- 
ogically different races in Japanobotrychium. The race possessing a gametic 
chromosome number of 92 may be a derivative from a race possessing n = 90, 
because the gametic chromosome number of 46 has never been reported even 
among the Botrychiaceae, and also the gametic chromosome number of 90 has 
rather frequently reported in this genus. So, against the opinion of Wagner 
(1955), we can conclude that the present species from America and Japan may 
not be a simple product of tetraploidization of x = 46. 

Japanobotrychium strictum (Und.) Nishida. At late diakinesis and metaphase 
of the first meiotic division, 44—45 bivalents were observed (Fig. 1, 2 and 
PI. XII, 1). Each of bivalents is very diversified in size. Sometimes one to two 
loosely paired dumbbell shaped bivalents, which were also found in J. Virginia - 
num, were observed. Separation of bivalents at the first anaphase are regular 
(PI. XII, 2), and the normal tetrads are formed. In some archesporial cells, the 
somatic chromosome number was counted as 2n = ca 90. Exceptionally, how¬ 
ever, a few archesporial cells have approximately 135 chromosomes as shown 
in PL XIII, 3 and in Fig. 4. Almost all of chromosomes in this triploid arches¬ 
porial cell have terminal centromeres, but some of them, less than 12, have 


Tab. I. Chromosome number of Japanobotrychium . 


Species 

Locality 

Chromosome 

number(n) 

Investigators 

J. lanuginosum ' 

Ceylon 

90 

Manton & Sledge, 1954. 

! 

South India 

90 

Ninan, 1958. 


Himalayas 

90 

Verma & Loyal, 1960. 

J. virginianum 

N. America 

91—92 

Britton, 1953. 


N. America 

92 

Wagner, 1955. 


Bombay 

90 

Gopal-Iyengar, 1956. 


Japan 

92 

Niizeki, Nishida & Kurita. 

J. strictum 

Japan 

44—45 

Niizeki, Nishida & Kurita. 
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sub- or median centromeres. Although the processes of the production of 
such triploid archesporial cells have not been explained, their occurrence 
seems to be of deep significance. We have found a hexaploid species in the 
genus Sceptridium: S . japonicum (Prantl.) Lyon*. And it is believed that, in 
the usual leptosporangiate ferns having terrestrial gametophytes, the hexaploid 
species may be originated in hybridization. In the case of Ophioglossales, how¬ 
ever, it seems to be impossible to form hybrids between any species, because 
they produce the subterranean gametophytes. Accordingly, it is natural to 
consider that the hexaploid species, S. japonicum (n — 135), might be induced 
through the mechanism which is analogous with that for the induction of the 
triploid archesporial cells in J. strictum . As shown in Tab. 1, the gametic 
chromosome number of 44-45 have never been reported in this genus by this 
time, it thus appears that J . strictum is the first example. 

Summary- 

Two species of the genus Japanobotrychium were studied cytologically. J, 
virginianum has n = 92 as already reported by Britton (1953) and Wagner (1955), 
and J. strictum has n = 44—45, which is the first example of diploid in this 
genus. Exceptionally a few archesporial cells of J. strictum have approximately 
135 chromosomes. 
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Cephalozia lacinulata (Jack.) Spruce feifi^g|55fe£k 1C £ o bfSii 

(fiM 11:35. 1897), Stephani <£>[«I5§1C. «£ o“CV*£ 0 Stephani £> < CO 

feI?5fe^OjH41r: ^ hK Lfc i: “Hepaticae Japonicae” (Bull. Herb. Boiss. 

5:76—'108. 1897) Species Hepaticarum 3 (1908) 103: “Hab. 
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Calypogeia trichomanes IfrWi~LXV*&&, Cephalozia hicuspidata 

subsp. otaruensis tlX 1^5 01?, C(D^<D<D k%£.btL&o Xf'J 

A'CD^flOi C. lacinulata k C. hicuspidata subsp. otaruensis <D$>%>3& (var. setiloba 

**:*) ^P , »K:ffi'C<S 0 

Plagiochila chinensis Steph. Stephani 1C b o fltz. (Species Hepa¬ 
ticarum 2: 116. 1903) CiiK^V^X P. ovalifolia var. miyoshiana <D$kty 

t?*65fcbt:^/c(®fifi®flR20: 103. 1958) 0 4 fc IC&o fc 4 Oti “Oku- 

daira no. 14” ~C, bfltc % ©t?45>5#*» £ P- ovalifolia 

var. miyoshiana “C^oYco (Hjcf4'¥ r 'B / #lS&) 
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1. Metaphase of the first meiotic division of J. stricLum, showing 44-45 bivalent 
chromosomes. 2. Anaphase of the first meiotic division of /. slrictuvi. 
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3. A triploid archesporial cell of ./. stricium, having approximately 135 chromo¬ 
somes. 4. Late diakinesis of /. virginianum, showing 92 bivalent chromosomes. 
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